
reservoirs could still be implicated in the recent events of 
LASV transmission to humans. 

Our findings strongly point toward M. baoulei mice as 
a potential candidate for LASV spreading in Benin, Togo, 
and Ghana. Together with the multimammate mice M. na-
talensis and Mastomys erythroleucus and the soft-furred 
mouse Hylomyscus pamfi (10), the fourth rodent species 
reservoir of LASV is M. baoulei pygmy mice.
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An isolated Rift Valley fever (RVF) outbreak was reported 
in 2018 in Free State Province, South Africa. Phylogenetic 
analyses based on complete genome sequences of 3 RVF 
viruses from blood and tissue samples indicated that they 
were related to a virus isolated in 2016 from a man returning 
to China from Angola.

Rift Valley fever (RVF) is endemic to sub-Saharan Af-
rica; major outbreaks were reported in South Africa 

during the 1950s, the 1970s, and 2008–2011 (1). Molecu-
lar classification of RVF viruses (RVFVs) isolated from 16 
countries showed that these viruses cluster into 15 lineages 
(A–O) (2). Viral sequences from the previous outbreaks in 
South Africa clustered in lineage C (2008–2009), lineage H 
(2009–2010), lineage I (1951), and lineage L (1974–1975); 
1 isolate in 2009 from Kakamas in the Northern Cape Prov-
ince was in lineage K (Figure) (2). Lineage K contains the 
hepatotropic Entebbe-44 virus isolated from mosquitoes 
in Uganda in 1944 and its derivative, the Smithburn neu-
rotropic vaccine strain (SNS) commercially available in 
South Africa (2). RVFV was identified by unbiased deep 
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sequencing of the virus genome (isolate BIME-01) from a 
man returning to China in 2016 with fever and jaundice af-
ter a 22-month stay in Angola (3). Phylogenetic analysis of 
the complete RVFV genome of sample BIME-01 and the 
Vero cell culture isolate of the virus (RVFBJ01) showed 
that it clustered together with the Kakamas/2009 virus in  
lineage K (3).

On April 28, 2018, an outbreak of suspected RVF 
was reported on a sheep farm in the Jacobsdal area of the 
Free State Province of South Africa. The illness rate was 
≈55.8% and the case-fatality-rate 100% (335 sheep died) 
(4). Six persons either working or residing on the farm 
reported symptoms compatible with RVFV infection, 
but no human fatalities occurred (5). Clinical specimens 
from affected sheep were submitted to the Onderster-
poort Veterinary Institute Agricultural Research Council 

(Onderstepoort, South Africa) for laboratory confirma-
tion of the outbreak. 

We used flocculated nylon swabs (FLOQswabs, CO-
PAN, http://www.copanusa.com) to pierce and swab the 
tissue pools and then placed the swabs into Eppendorf 
tubes containing 700 µL phosphate-buffered saline (pH 
7.0). After agitation, we removed 200 µL buffer for to-
tal nucleic acid extraction. We used either whole blood in 
EDTA (RV2613-1/RSA/2018) or a combination of tissue 
swab specimens from liver, spleen, and kidney for extrac-
tions (RV2613-2/RSA/2018 and RV2613-3/RSA/2018) 
using the MagNA Pure 96 (Roche Molecular Systems, 
https://www.roche.com). We detected the presence of 
RVFV RNA using real-time reverse transcription PCR 
(RT-PCR) (6). We used the same 3 nucleic acid extracts 
as templates in 8 individual RT-PCRs (A–H), designed to 
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Figure. Phylogenetic comparison of the complete segments of 
Rift Valley fever viruses from South Africa, 2018, and reference 
isolates. A) Large segment; B) medium segment; C) small 
segment. Distinct clusters separate the isolates into 10 lineages 
(A, C, E, G, H, I, K, L, N, and M). Sequences RV2613/RSA/2018 
are marked as South Africa, Jacobsdal (FS), 2018 in cluster K. 
GenBank accession numbers are provided. FS, Free State. Scale 
bars indicate nucleotide substitutions per site.



overlap the entire genome (Appendix Table 1, http://ww-
wnc.cdc.gov/EID/article/25/10/18-1748-App1.pdf). We 
used the SuperScript III One-Step RT-PCR System with 
Platinum Taq DNA polymerase (Invitrogen, https://www.
thermofisher.com) in a 20-µL reaction with 0.25 µmol/L 
of each primer (Appendix Table 1) at an annealing temper-
ature of 53°C for 45 cycles. The resulting amplicons over-
lapped regions of all 3 genome segments: large (A, B, C, 
and H), medium (D, E, and F), and small (H). We submit-
ted the 8 amplicons to Inqaba Biotechnical Industries, Pre-
toria, South Africa (https://www.inqababiotec.co.za), for 
Sanger sequencing, using the primers incorporated during 
the generation of the amplicons and 9 additional primers 
(Appendix Table 1). We constructed the complete viral ge-
nome sequences from the 3 field specimens and submitted 
them to GenBank (accession nos. MK134834–42).

The 3 sequences (RV2613-1/RSA/2018, RV2613-2/
RSA/2018, and RV2613-3/RSA/2018) were similar to 
one another: no nucleotide differences in the large seg-
ment, 2 in the medium segment, and 1 in the small seg-
ment. The high sequence identity among these 3 viruses 
and the lack of segment reassortment, together with the 
isolated geographic distribution of the outbreak, indicate 
a single introduction. After phylogenetic analysis, we 
clustered the 3 viruses into lineage K, with their closest 
known relatives BIM-01/2016, isolated from a worker 
from China in Angola, and the virus RVFBJ01/2016 de-
rived from cell culture (Figure). We assessed each ge-
nome segment and found <1% sequence difference be-
tween any of the 3 South Africa viruses and the virus 
from Angola and <2.11% sequence difference for  Kaka-
mas/2009 (Appendix Table 2). Evolutionary analysis of 
segment M using Bayesian inference with BEAST ver-
sion 1.8.1 (https://beast.community) under the Hasega-
wa-Kishino-Yano substitution model, a strict molecu-
lar clock, and a constant population size estimated that 
RV2613/RSA/2018 and BIM-01/2016 had a common 
ancestor ≈7 years ago that shared a common ances-
tor with Kakamas/2009 ≈28 years ago. Virus RV2613/
RSA/2018 had a higher sequence identity with the origi-
nal Entebbe-44 isolate than the SNS vaccine or vaccine- 
derived Ken Rintoul-57 (Appendix Table 2). This re-
sult indicates that Kakamas/2009, BIM-01/2016, and 
RV2613/RSA/2018 probably evolved from a common 
ancestor of Entebbe-44 and not from its derivative  
SNS vaccine.

The sequence data imply that this outbreak was likely 
the result of a single introduction of virus that probably re-
mained localized to 1 farm because of the onset of colder 
winter temperatures and a decline in rainfall. The phylo-
genetic relationship of this virus to known others suggests 
a persistent, yet largely unnoticed, low-level spread of 
RVFVs in southern Africa. This finding reemphasizes the 
importance of active disease surveillance programs with 
diligent reporting of suspected cases, as well as suitable 
vaccination regimens.
Funding for this project was obtained from the National  
Research Foundation of South Africa, under Competitive  
Support for Unrated Researchers Grant CSUR160418162303.

About the Author
Dr. van Schalkwyk is a researcher at the Agricultural Research 
Council, Onderstepoort Veterinary Institute, in South Africa. 
Her primary research interest is molecular epidemiology and 
virus evolution.

References
  1. Pienaar NJ, Thompson PN. Temporal and spatial history of Rift 

Valley fever in South Africa: 1950 to 2011. Onderstepoort J Vet 
Res. 2013;80:384. http://doi.org/10.4102/ojvr.v80i1.384

  2. Grobbelaar AA, Weyer J, Leman PA, Kemp A, Paweska JT, 
Swanepoel R. Molecular epidemiology of Rift Valley fever virus. 
Emerg Infect Dis. 2011;17:2270–6. https://doi.org/10.3201/
eid1712.111035

  3. Liu W, Sun F-J, Tong Y-G, Zhang S-Q, Cao W-C. Rift Valley 
fever virus imported into China from Angola. Lancet Infect Dis. 
2016;16:1226. https://doi.org/10.1016/S1473-3099(16)30401-7

  4. World Organization for Animal Health (OIE). Rift Valley fever 
South Africa. 2018 [cited 2018 May 31]. http://www.oie.int/ 
wahis_2/public/wahid.php/Reviewreport/Review?page_refer=Map
FullEventReport&reportid=26639

  5. Jansen van Vuren P, Kgaladi J, Patharoo V, Ohaebosim P,  
Msimang V, Nyokong B, et al. Human cases of Rift Valley fever 
in South Africa, 2018. Vector Borne Zoonotic Dis. 2018;18:713–5. 
https://doi.org/10.1089/vbz.2018.2357

  6. Drosten C, Göttig S, Schilling S, Asper M, Panning M,  
Schmitz H, et al. Rapid detection and quantification of RNA of  
Ebola and Marburg viruses, Lassa virus, Crimean-Congo  
hemorrhagic fever virus, dengue virus, and yellow fever  
virus by real-time reverse transcription-PCR. J Clin Microbiol. 
2002;40:2323–30. https://doi.org/10.1128/JCM.40.7.2323-2330.2002

Address for correspondence: Antoinette van Schalkwyk, ARC 
Onderstepoort Veterinary Institute, MED, Old Soutpan Road, 
Onderstepoort, Pretoria, Gauteng 0110, South Africa; email: 
VanSchalkwykA1@arc.agric.za

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 10, October 2019 1981

RESEARCH LETTERS



 

Page 1 of 2 

Article DOI: https://doi.org/10.3201/eid2510.181748 

Genomic Characterization of Rift Valley 
Fever Virus, South Africa, 2018 

Appendix 

Appendix Table 1. Primers used for amplification and sequencing of the Rift Valley Fever virus genomes, South Africa, 2018. 

Name Segment, amplicon (binding site) Sequence (53) 

Primers used during amplification and sequencing 

 RVF-LA-F Large, amplicon A (1–17) acacaaggcgcccaatc 

 RVF-LA-R Large, amplicon A (2182–2163) GGCTCACCTGCTATTCTCTG 

 RVF-LB-F Large, amplicon B (2040–2059) ATCATGGAGGGCTTTGTCTC 

 RVF-LB-R Large, amplicon B (3404–3384) CTACTATCATCTGATCCTTGC 

 RVF-LC-F* Large, amplicon C (4216–4233) ggtgttgtgtcatcattg 

 RVF-LC-R Large, amplicon C (6372–6352) acacaaagaccgcccaatattg 

 RVF-LH-F Large, amplicon H (3018–3037) GCTATGTGAGTTCACCTCTC 

 RVF-LH-R* Large, amplicon H (4590–4570) gtgtgagctagagttgcttc 

 RVF-MD-F Medium, amplicon D (1–15) acacaaagacggtgc 

 RVF-MD-R* Medium, amplicon D (1342–1326) cctgacccattagcatg 

 RVF-ME-F* Medium, amplicon E (771–790) ccaaatgactaccagtcagc 

 RVF-ME-R Medium, amplicon E (2284–2264) GATAGCTCACTTGAGACAGTT 

 RVF-MF-F Medium, amplicon F (1714–1732) ATGGCTGCATAGTGTGTGC 

 RVF-MF-R Medium, amplicon F (3885–3870) cacaaagaccggtgc 

 RVF-SG-F* Small, amplicon G (1–22) acacaaagctccctagagatac 

 RVF-SG-R* Small, amplicon G (1693–1677) acacaaagacccctagtg 

Primers used only for sequencing 

 RVF-LA-SF Large, amplicon A (664–682) AGACTGAGAGAGAGTTGCT 

 RVF-LA-SR Large, amplicon A (874–855) TCATTCCCTTCAGCAAAGAA 

 RVF-LC-SF Large, amplicon C (5587–5606) GCATCAGACAATGATCTCAG 

 RVF-LC-SR Large, amplicon C (5744–5725) tcacatatctcaaggatggc 

 RVF-MD-S Medium, amplicon D (690–672) ctttgcaatgatggtgtc 

 RVF-MF-SF1 Medium, amplicon F (2412–2431) GCAGAGTTTTCATTTGTTGG 

 RVF-MF-SF2 Medium, amplicon F (3021–3040) GCTTTCTCTAAGGGCTCTGT 

 RVF-SG-SF Small, amplicon G (762–781) CTCCAATCCCAGATGTTGAG 

 RVF-SG-SR Small, amplicon G (1025–1007) agccatgagaagaggagag 
*Published primers (1). 

 
 
 
Appendix Table 2. Sequence differences between viruses RV2613–1/RSA/2018, RV2613–2/RSA/2018 and RV2613–3/RSA/2018, 
and other Rift Valley fever viruses with complete genome sequences available in GenBank.* 

Closest related isolates 

Isolate 
Year 

isolated Species; location 
No. differences, 
segment L (%) 

No. differences, 
segment M (%) 

No. differences, 
segment S (%) 

RV2613/RSA/2018 2018 Ovine; Jacobsdal, FS, RSA 0 2–5 nt (0.05–0.13) 1 nt(0.06) 

BIM-01/2016 2016 Human; Beijing, China 30 nt (0.47) 22–26 nt (0.57–0.67) 7–8 nt(0.41–0.47) 

RVFBJ01/2016 2016 Cell culture isolate of  
BIM-01_2016 

29 nt (0.45) 
 

2428 nt (0.62–0.73) 7–8 nt(0.41–0.47) 

Kakamas-09 2009 Ovine; Kakamas, NC, RSA 103 nt (1.61) 78–82 nt (2.01–2.11) 29–30 nt (1.72–1.78) 

Entebbe-44 1944 Mosquito; Entebbe, Uganda 167 nt (2.62) 116–120 nt (2.05–2.12) 44–45 nt (2.60– 2.66) 

Ken Rintoul-57 1951 Ovine; Kenya 210 nt (3.29) 129–130 nt (3.33–3.43) 40–41 nt (2.36–2.42) 
*FS, Free State Province; NC, Northern Cape Province; nt: nucleotide; RSA, Republic of South Africa. 

 

https://doi.org/10.3201/eid2510.181748


 

Page 2 of 2 

Reference 

1. Grobbelaar AA, Weyer J, Leman PA, Kemp A, Paweska JT, Swanepoel R. Molecular epidemiology of 

Rift Valley fever virus. Emerg Infect Dis. 2011;17:2270–6. 

https://doi.org/10.3201/eid1712.111035 

 

https://doi.org/10.3201/eid1712.111035

